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.. WODUC!ITO'IJ 

Fin-ruclder-tab flutter has been found to'be a significant 
problem in airplane design. ' A n  in+esEigation of tab f luk ter  ha8 
consequently beensmade at.the L w l e y  Memorial Aeronautical Laboratory 
of 'the National' Advisory C o W t t e e '  f o r  Aerbnautics. The results of 
flutter: t e s t a  of a vertical tall assembly for a medium bomber are 
reported , i n  reference 1. Interest i n  the effects to be obtained 
with a preioaded' sprfng in the mdder-tab-control circuft  led to the 
presept  inveetlgation, in which tests we& made of a fabricated tab- 
flutter model of rec.taagular.plm. form. 

The .idea of the preLoaaed spring tab is many years old. A 
description.of this mech&nism is found inh-efermce 2. Beflore'an 
attempt is made to analyze the preload.8d spr9ng tab, a 'brief 
atstenent  concerning the functfone of a nonpreloaded  spring-tab 
t ype  of control is considered desirable. One of t h e  features of t h e  
nonpreloaded spring-tab control, which is equipped with a weak spring, 
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ie that it enables a pilot:  t o ' a t t & ' h  lighkess of control at high 
speeds wlt9out oloae aemaynamic balance ma the attendant risk of 
overbalanae. Thbs tme of oontrol + 3 , s ~ l a s  t o  a free servotab 
control. However,: at low speeds;' h etiff epring (imeveraible 
control) 1s desirable to retain postttve Itction w i t h  appropriate 
pilot  "feel" as obtained in %he geared-thb control. The use of a 
ettff spring ie a l e 0  achmntageoue beoause it reduces the danger of 
flutter to which '& mak spring-tab cohtml is subject The ,pY9lOaded 
swing-tab control ( ~ e r y  stiff at small amplitudes) hae been 
e w e s t e d  as a meam of ocrmbintng the desirable features of the non- 
preloaded spring tab a t  both low an& high epeede. The inorease in 
etiff'ness can make the qystem sufficiently irreversible at mall 
amplitudes t o  eliminate the neceesity of mas8 balance. The resultant 
saving in weight may be appreciable; Such a preloaded mechmiam 
presents a nonlinear problem dependat on tho amplitude of t h e  tab. . .  

, .  
' Except for th is  nonlinearity 'of the spring constant;, the 

flutter parameters for a preloaded qrlng-tab system are  the same . ' 

as those f6r a nonpreloded spring-tab qystem, Some of these, 
parameters a m  fin, mdder, an8 tab natural frequenaiee end .stiffnss8esy 
mamerrtS.df inertia, m e a  and aer0dynamI.c WancIne, tab product of . , 

inertia, $em ratio of tab mvement,compared to Mzclder movemant, 
rudder and tal aspect ratioe, and Banping, Only a'few of th@se 
pwsmejters wore investigated fo r  the present,stud.y with the min 
emphasis, an the 'e??fect of t h e  preloaded spring  type of control. , A 
theoretical  tab-flutter analyais waa not' undertgtkan at thie time. 

bCg dfgtance from center of gravity of' tab to tab hinge line, Inchee 

f tab experimental frequency with rudder' atatlonary f o r  3.25' tab 
. .  3 

deflection, cyclee per aecond ' 

. .  

f 1 apprdximate ' experlmmtal tab frequency for 8."25* tab der leation, 

f2 , tab calculated natural frequency fpr 8,25O t& deflection, 

I, rudaer mament of inertia abut .  hinge: Ibe$:  inch-$@- aecond2 

cyoles per Becond . I .  

cycles per second 
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B one of teets, a tab v l th  aepect ratio of 2.78 was 
used with the model arranged 8 8  follows ( f ig .  3) : 

Configuration 1 - Geared t&, ,R := Q.3, where n 19 the  ratio of 
" .  

tab deflkt ion (relative to the-rudder)  to 
ruader deflection 

Confirnation 2 - Preloaded aprZp# tab, control 1Mr in place, 
varying  tab mment of inertia ' 

Configuration 4 ,? Preloaded spring tzi.1, piano-wire sprfng in 
rudder control  (piano-wire  spring  system 
replacing cmtzol link), varying piano-wire 
spring conetcmt 

~n a second group of teste a tab w f t h  aepect  ratio of 6.25 and 
With the earm area 88 the other tab W&B used with the d e l  maaged 
as follows (fig. 3) : 

Configuration 5 - '  Preloaded spring'ab,  no rudder cantrol, varying 

.. 

preloaded sprlng constants and tab mam~nte of , 

inertia. 

In addition, the d e l  vas  provided with a ca3L.e and syrlng weight 
system which could  simulate  the restraint in the control system of 
a full-scale afrplane. 

Six midpet accelerometer pichps and one 4 . d e r  and m e  tab 
Inductance position indicator were installed in the flutter d e l  
( f ig .  4) *. A pickup was in each comer of the rudder, one in the 
front upper fin, end one in the mit"e,of the rigM side of the 
horizontal  .etabilizer . One pcaiti'on indicator wa8 at the lower fmnt  
corner of the rudder, and t h e  other at  the middle of the tab. 
These pos%.tion indicators aa?. piclkpa were ube? in conjunction kdth 
bridges, amplffiers, and a recording oscillograph. The recording 
equipment, which includes  that used in shaking the model, ia shown 
fn ffgure 5 . 
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Installation . 

The mdel was mounted in the rear part of the  teet  section of 
the Langley high-speed 7- by 10-foot  tunnel. Two nmuntg zonatructed 
of steel  streamline  tu3ing were securely.bolted to the floor of the 
tunnel, one on etther side of  the q d e l .  The model was supported 
on four cestilever steel leaf springs  rigidly bolted to the mamt8 ard 
and hinge6 on baU-bem&tgs to t he  model. at the ends of the horizontal 
stabilizer  (fig. 6 )  Gables connected to the tog rear of the rudder 
provided a means to s t a r t  &a stop fhztter. .These calles were 
brought  together by 8 pulley system over the  tunnel  section, Amther 
cable  conneo'ted to a spring-trip  mechanislp was us-& to. give  the tab 
an inltisl.  dieplacement and 'EiuCiden release. .. . .  

Loads to the electronic equipment were brought  but through the 
.twu;el-flcor tun tab le .  A s tea l  safetg net m e  installed. approxi- 
mately  three feet behwd themodel to minfmlze damage of t he  tunnel 
in case  the  model  failed. . .  , .  

' . .  

Preliminary  Vibration  Teats 

X a t u r a l  frequencies and modes of the  t&-flutter  model were 

. rigid mounts on a bedplate in the laboratory. For .this st*, a 
firat deterrained in preliminary vibration  teets  wfth the nodel on 

moving coil shaker was wedr The results are g i v b ' i n  table X. 

Prior to the'first  wind-tunnel,teets  the  frequenciee.were 
checked and confirmed vitli the model mounted in the tunnel. (See 
fig . h ,) The frequency of the model mrmted on vertical le& 
springs,..whlch simulated fuselage sicle bending, was determined to 
be 600 cycles per minute. The rudder was mea-balanced f o r  all tests. 
After a relatively weak piano-wire  epring  system W ~ S  aubstLtuted 
for the  control. link, the, rudder frequency was l o w  cornpar& with 
the  tab  frequercy . . .  

Curves shawing decremnts in amplitude f o r  the  various  spring 
combinations were obtained by deflecting an& releasing the tsb. A 
typical  record  is  shown in figure 7 giving the &ape of the aecremnt 
cume the change in frequency with a n p l f k d e  f o r  a preloatled 
spring hb. 

Be.cause  the  tab oscillated at dif'ferent amplitudep in the 
various  configurations,  it was convenient f o r  purpoaes of comela- 
tion tc reduce a l l  the tab natural-frequency data to frequencies 
at  the  tunnel' tripphg displ.acement of 8.25O. This procedure led 
'to t h e  frequency analysis qi' the preloaded spring system given 
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Although'q.attearpt was mrte'tb extrapolate to the flutter- 
speed point by pl .ot t iw,  aerodynamic. daapiw-against apoed for vwioua 
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. .  

A summary of the results is found in table IL.? . .  

In the t e s t s  of configuration 1 (geared-tdb aase) f lu t t e r  did . . 

. .  

not occur, nor was.flutter exgected since the spring system was ' I  

comparatively stiff. Tunnel speeds up t o  300 miles p e r  hour were 
attained with no tendency for the model to f lu t te r .  Tunnel speeds 
for subsequent tes'ts were 1imited:to leas than ' 2 0 0  miles per hour, . ' 

3.n order t o  save the model. . . .  
. I  

7 .  

- Xn the tes ta  of conf'$gw'a;tion 2, %lie momen-bs of f n e r t i i  of . . ' 1  
the tab were changed successively from 0.0613 inch-pound-second* t o  
0.0776, 0.1370, and 0.2&4 inch-pomd-seoona2 by adding distributed 
weight along the t ra i l ing edge ,of .the tab ; (For.,compkison, the 
moment of ke r t i a  of the tab s td ied  in refaence l'.WarS 0.1020 in.- 
11- sec2 *) E.I t h i s  set Of t e s t s  there m a .  no fautfer . The probable 
reason f o r  the lack. of fluAter was again the  relatively high epring ' . 
stiffness of t h e  g a t e m .  . . .  

In order t o  obtain f l u t t e r  in the desired speed range, the 
coptrol link waa rerqoved, and the.spring  stiffness of the tab . .  

ByBtem was then materially reduced, Kith the rem%.l of thie link 
(configuration 3) ,  flutter occurred during  the tea ts .  This 
f l u t t e r  was essentially a three-degreeLof-freedom f lu t t e r  involving 
fin bending coupled with mdder an3 tab oecfllations about their . 
respective hinge lines (tab lagg3ng by 3O0) .  A typical oscillo- 
graph f l u t t e r  record is shown In figure 10. This record shows the 
relative positions of the various cmponents of,the model and the 
acceleration (g units) of each of these components during the 
first  0 *45 second of flu-bter. During the flutt'itr, the tab 
amplitude wae sufficiently large to band the tab connecting link. 
Thia link, a duralwsrln tube, was replaced with o m  of steel. 

The ef'feot of changing the preloaded sgring was investigated. 
Springs of 8.3 pounds per inch Mth 2.25 pomaa prelod, of 
33 .3 pom&s per inch with 11.3 pounds prelaad, ana of 83 pounds 
per inch with 21.6 pounds grelosd were mea. Flutter speed vf 
of the model increased with an fncrease in  +lo&ed spring . .  
constant ( f ig  11) The signiffcance. of this figure i s  qualitative 

: .  , .  .. ' . .. 



It was &lsO 'observed that increaelng the-.Fnftial tab displacement 
oau8ed the model t o ' f l u t t e r  at a lower speed. With an 8.3-pound- 
per-inch spring, f1utter''wns.  encmntered. a t  102 miles .per hour 
for EL large tab deflection; whereas at 1% m l l e e  per hdur the 
slightest  disturbance  initiated  flutter Wsth rapidly  increasing 
amplitude. Thfs dependence of inltial f l u t t e r  speed on amplitude 
has many practicaJ. Implications because the roughness of the air, 
the presence of gLlsts, and the  type of maneuver have a definite 
effect on the initial d e f l e c t i m  of' the tab . Table I1 shms the 
ohawe i n  f lut ter  meed vf with the variation of' the parameters 
and in&-cates partiuuhrly the importance of tab natural frequency. 

I n  the t e s t s  of cd igum, t ion  4 a piano-wire spring was 
i m t a l l e d   i n  the control  eptern  (fig. 2) and thereby increased the 
effective combined epring  coastant of the tab-rudder combination 
as compxed with the wring constant for the c&i&Uration with 
no mdder control.  Flutter eimilar t o  that, obtained in  the tes t s  
of cmfiguration 3 occurred at himr speeds. A t  these higher 
epeeas th i s  flutter was more diff icul t   to   control  and emergency 
shutdown8 of the t.irnnel were necessary i n  order t o  save the model. 

%or cbnfiguration 5 ,  . the tab m a  replaced with 0118 of higher 
aspect,ratio and the mo nt of iner t ia  of the tab waa varied from 
0.0246 inch-pound-second 2 t o  0 .1017, 0,0885, and p.0780 inch-pound- 
second2. The ratios of products of inertia t o  tab moments of 
inertia K& were detm"Led.. Harever, the change8 in  K,fi:t 
were too d l  t o  indicate the variation of vf with K&. 

*w- .: 

. In conjunction with changes in It, .the effect o f  three 
d1fferen-b ,springe .in the preload& spring mechanism was investiga%ed. 
For the ~ p r i n g i  wlth .the low constant no variation o f  vf with 
It waa observed. For the sp- with the hlgher constant, vf 
incremed with a decrease i n  1% as indicated i n  table I1 . This 
result  Zay be explained By the following cansidemtions. b W f 3 r 3 n g  
the Ea1 moment of Inertia caused the tab frequency to increase, 
other  things'being 'equal; thue, vf tenaea t o  incream. 'Howevor, 
the variation of vf with change0 .in -It I s  greater and con- 
saqueritly more easily obsemed at hi@ frequencie6  than at low 
frequencies . 

. I' 'The tektts of configuration 6 were made t o  permit 8 8Cudy"of 
tat flutter.with the combined apring constants varied by changing 
both the, pi&-wire mtl preloEbded s p r i n g s .  Thls  variation i n  
turn changed the tab f mquency and conmquently vr. Near the eird 
of this set of testa,  p l a ~  i n  the linkage system had b e c v  

.&ppreciable and a f lu t t e r  of low amplitude a% 8 cycles -per second 
waa noticed at 1% miles per hour. The auglftude was approximately Io, 
which was the amplitude allowed the play i n  the ayetern, 



. .  

It waa not possible in all case8 to memure the tab natural 
frequency a t  t h e  amplitude correspondfng e0 the average tab tripping 
displacsment of 8,250 For purposes of correlating  presenting 
the data 'the' natural frequenciee of the tab were calculated by using 
a combined  spring constapt k2. The data  plotted in figure 12 
show wlde scatter, probably because of the variation in damping ae 
well as the  variation in the inttial. tripping amp&itude.. . 

. The ePfeot of aspect .ratio is amall. W f t t i  a l l '  the 'flutCer 
.points qn one graph, (fig. 12) there is an indication tha%,. f o r  
the eane frequency, the  tab Wzth the.-low e;spect ratio has a higher 
f l u t t e r  speed th.eq .the one of :hZgh aapeot ratio This effect is 
in egrebment with the r e p l t q . o f  an ans3ysPs 'mde 'by W:. R. Griffin 
of Cur%tss-WPight Corporation,  h.,whfch etr tp  theory m8. uaed.. :... 
However, the..poaeibility existf3 that t he  aspect-ratio effect is 
due, at l ea s t  in part, to. epanvise couplhq. 

. : 1  

- .  
, .  . . .  

. .  
. .  . .  

. . .  
. .. . . .  

. .  CONCT-;ljDrn . s ? E M m K s  . I . .  
r .  . *. r .  . .  

* .  . . . .  . . .  . .  

Resilts presented ok. t e i t s .  of-  a preloaded aprhg-fab  f lut ter  
madel. ifididated that;  ,with rudd.er mase-bal&&i and at .a low . 
frequency coapared Mth the  tab  frequency;.the tab frequency' 
appears t o  be the most sf$nific&nt parameter. Because t he  frequency 
of a preloaded spring-tab systm-yaa fomid t o  vary inversely with 
w l i t u d e ,  the f l u t t e r  speed decreased with an increase fn initial 
displacement cf the tab, Although the effect of aspect ratio was 
rnaall, it wae indicated tha t  the tab with the low gspect ra t io  showed 
a tendency t o  flutter a t  a higher apeed'than the tab with a higher 
aspect ratio hapkg the same area and f r e q u ~ c y .  

. .  . . . .  
,' .... . 

Langley Memorlal''~eronautical Lattor&o~ 
National Advisory Canrmittee for Aeronautics 

Langley Field, .Va. 
:. - . 

. .  

. .  : . . . .  , 
. .. 

I - I  
. .  .. . . 
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The calculatlone of the .mtur&l,'frequIEincie8 of a preloded 
sprlng-tab aye%& mi&* be approached , i n  several way8 Fbr eXa.mple, 
in figure 13,- $he forces, displaoaments, ' k i d  other par&meters 
involved i n  such .calculatiods ye reprosentea to illwtrate 
three methods. ~f aphrdch ' Method. 'A 18; 'baaed on the  maxim 
diepl.mement :$n*rce$t of. the q w k e m ; ,  e t h b d  B La 'based, on the 
dffferenti&d equatfon f o r  'om-quartqr cycle of ..the niotion; 'end 
method C is based on the cancept of e6W dltr&Fn +83?gry. , .  . . .  

r 

Method A.- The app'roxbnation Vy pisthod A proceede a8 follows : 
Consider first t h e  force-displacement diagram of B preloaded sprfng 
SyStem. (Seo fig. 13( a)  } Jh place of the  'actuel Etphrn A B C 'D, 
choose the path A 0 1) along which the slope k, is always f in i te  
and constant. The w e  of the effective .spring constant k, 
mathematically mducee t he  discontinuoue ,preloeded epring system 
to a ,IPnew one in ,yhich force 0quEtl.s ka times displacement, 
The geometry o f  the figwe sbowe tha% 

I . .  . 

. .  . . . , 
, . ,  

The frequency of the e b u e o l d a l  motion is then -gfven by 
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n d c + k x = F 0  ( x > O )  

The solution of t he  oqu&lons 2s 

By proper ohoice of the or ig ina l  t b ,  the phaae angle a may 68 
eliminated. 

. -  
Although the motion ie discontinuous, it is s y m e t r l c a l  &opt 

x = 0 BO that it can be completely specified by an analysis of 
the motion between the point x it starts from rest 
(t = 0) , and the  point X = 0 . Substituting these 
limits into equation (1) gives . 

or 

. . .: . ... 

or 

k 
.. . .  

.. 
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For zero preload,.the nondimeneianal form reduce8 to the uaual 
relation 

, : " . t  
! . .  ' i 

or . . . . . . .  . .  
, .  . .  ' . .  

. .  
I .  

The frequency may be written 



1. Theodorsen, Theodore, and Smith, N, E, : Flutter Tests of B-34 
Fin-Rudder-Tab f3yatern. NACA MR, Sept . 6 ,  1944 

2 Brown, W S : Spring Tab Cortrole R . & M a  No . 1979, 
B r i t t  ah A .R .C ., 1.941. 

. 
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. .  

* 

Mode 

1 

2 

3 

4 

Frequency 
( C P d  

7 -5 

36 .o 

64 .o 

86 .5 

lode 0 

Bottom of f in  

Bottom of f i n  and 
dlagoneil. from bottom 
f ront  rudder t o  top 
of tab 

B o t t o m  of f in  an3 
through rudder and 
fin at 75 percent 
span measured f r o m  
base 

Bottcen of f i n  and 
rliagonals frm top 
and bottom of 
rudrler to top end 
bottom rear of tab, 
respectively, and 
from bottom front 
to top rear of ffn 

IVATIOIPAL AWIS’JRY 
C O M ”  FOR AERONAWTICS 
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3 

3 
3 

4 
4 

4 
k 

5 s 
5 
5 

3 
5 
5 
5 
5 
5 
5 
5 
5 

6 
6 
6 
6 
6 
6 
6 
6 
6 

6 
6 

6 
6 
6 
6 
6 
6 
6 

8.3 25.3 
8.3 8 .5 
8.3 ~ . 2  
8.3 36.0 
8.3  18.4 
8.3 55.0 

33.3- 3-6 
33.3 6.9 

33.3 8-S 
33.3 10.8 

33.3 16.2 
33.3 18.4 
83.0 3.6 
83.0 6.3 
83.0 10.8 

83.0 36.0 
83.0 16.2 
83.0 8.5 

109.0 2.502 
23.4 2.30; 

233.0 2.502 

171.0 2.502 
198.0 2.509 
u6.0 2.m 
l69& 2.502 

e8.2 1.28 
28.2 2.593 
28.2 2.437 

92.5 2.593 
92.5 2.437 
92.9 2.375 

x1b.O 2.593 
mh.0 2.43 
204.0 2.375 
63.0 2 . ~ 3  
63 .o 2.437 
63.0 2.375 

28.2 2.375 

27L.O 2.375 
~ 8 . 6  2.375 
181.0 2.375 
332-0 2.375 

! 
m.0 2.375 
548.0 2.373 
114.4 2.373 
140.8 2.375 

160.9 2.375 
182.0 2.375 

263.0 2.373 
233.4 2.315 

238.0 2.373 
264.0 2.315 
306.0 2.375 2S4.o 2.375 

543.0 2.375 
357-0 2.375 

'ln.-lb) ( ins-lb-8ec2 '& 

11.04 
ll.04 11.04 
n.04 
11.04 
ll.04 
ll.04 

14.52 
3 938 

10 .e3 
8.80 , 

14 .p 
10 .&I 

8.Bo 
14.52 %i 

10 .80 
8 . d  

14 .p 
10 .80 
8.80 

8& 
8.80 
8.80 

8.80 
8.80 

8.80 
8.80 

8.80 
8.80 

8.80' 
8.80 
8.80 
8.80 

8.80 
8.80 

8.80 
8.80 
8.80 

1 . l l  

5 .fi 3 .a 

4 .a 
6 2  
7 -3 
6.n 

5 .h 

2.4 
2.a 

2 .Y 
4 .st 
5 A 
5.7( 

6.31 
5.r 
6 *n 
4 0% 

4.75 
4 .e 
8.54 
6 .sa 
7.45 
9.26 
9 -36 
5.a 
7.83 
s.51 
T .42 
3.45 
? J3 
i .10 
7 .% 
6.64 
3 . 4 6  
? 076 ?.a 
2 .g2 - 
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Figure I. - Preloaded  spring-tab  flutter model. 
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Configuration I 

Configuration 2 

Configuration 3 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

NACA RM No. L7G18 

Configuration 4 

Configuration 5 

Configuration 6 

Figure 3. - Test configurations. 
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I NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

Figure 4.- Tab flutter model showing position of accelerometers and 
position indicators. (Dimensions are in inches.) 
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Figure 5. - Electronic instrumentation of the preload4 spring-tab flutter model. 
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Figure 6. - Preloaded spring-tab flutter model mounted in the Langley 
high-speed 7- by 10-foot tunnel. 
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Mgure 7.- Oscillograph record showing decrement c m  at zero airspeed. Tab aspect ratio, 
2.'78; + = 0.137; 83 pound spring with 21.6 pounds preload. 4 

L\7 
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Preloadedrepring-foroe mtlo, - b 0  
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figure 8.- Frequency ratio as a function of preloaded-spring-force ratio. 
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I2 

10 

4 

2 

0 

9 
I 
I 

I !I Theoretioal (method A) I 

0 0.5 1.0 1.5 2.0 

Tab T. E. displauement, in. 

Figure 9.- Frequency as a function of tab displacement. Tab aspect 
ratio, 2.78; 4 = 0.1370; 33.3 and 83 pounds per inch spring constants. 
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0.0261g 

D.0139g 
0.01929 

Ffgure 10.- Typical flutter record. Aspect ratio, 2.78; speed, 150 miles per hour; 0 
M = 0.21; tab frequency, 6.40 cycles per second for a tab deflection of 8.25O. 
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Figure 11.- Flutter  speed as a Eunction of-the square root of pre- 
loaded spring  constant. No rudder control; aspect  ratio, 2.78; 
It = 0.137 inch-pound-seconds2. 
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Caloulated natural irequenoy, fz , cpa 

Figure 12. - Flutter  speed as a function of calculated natural frequency 
for a tab  deflection of 8.25'. Aspect ratio, 2.78 and 6.25. 
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(c) Method C. 

Figure 13.- Methods of calculating the approximate natural frequency 
of a preloaded  spring system. 
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